In clinical practice these tests are too time-consuming, and the examination has therefore to be limited to the determination of a few points on every curve at various wavelengths, but it is desirable that in some special cases the analysis should be carried out more completely with the same apparatus.
The Nagel anomaloscope, the only apparatus in general use for detecting defective colour vision, was designed to make one colour match: between monochromatic yellow and a mixture of red and green in the spectrum. It is a direct vision spectroscope with a circular field of about 2 degrees diameter, divided into two halves. The lower half of the field is illuminated by monochromatic yellow light from a slit of variable width, which can be controlled by the right-hand screw. The upper half of the field is illuminated by a mixture of monochromatic red and green. How the beams are made monochromatic will be clear from the diagram of the optical system of the anomaloscope (Fig. 1) . The ratio between the widths of the slits for red and green is controlled by the left-hand screw. The observer has to adjust both fields to equal hue by operating the left control and to equal brightness by operating the right control.
The anomaloscope is easy to handle and satisfactory for distinguishing the well-known defects of red-green discrimination, but cannot be used for more extensive investigations.
The instrument-maker of the Amsterdam Eye Clinic, Mr. C. van den Bosch, has therefore reconstructed a Nagel anomaloscope at my directions (Fig. 2) (0,455[u) and green (0,513,u) .
For an exact match the monochromatic blue has to be desaturated by whitelight. How this is achieved is described below. A small neutral filter must be put before the red " slit of the original anomaloscope to make the blue-violet and green of approximately equal brightness.
An equation for tritanomaly has been advocated by Trendelenburg (1941 The brightness measurements are carried out at a brightness level of about 100 photons, but at the short wave end of the spectrum (between 0,460> and 0,4251L) the brightness is inevitably lower.
Brightness measurements yield important data in cases of unclassified colour defects, and are of value in detecting heterozygous carriers.
Among other atypical cases the author has recorded the luminosity curve in a case of cone monochromatism. The maximum of the curve was displaced towards the red end of the spectrum, as in deuteranopia.
(D) For determination of the threshold ofsaturation a source oflight has been mounted at the right side of the anomaloscope (Vierling, 1928) .
The white light of thi source (colour temperature 5,000°K) is reflected by the back of the prism into the ocular tube. By a diaphragm the white light can be shut off from the upper colorimeter field, while in the lower field the brightness can be adjusted by a small neutral wedge.
For the determination of purity discrimination, white light is admitted into both fields. In addition, the lower field is illuminated by monochromatic light (from the " yellow " slit). When a difference in colour between the two fields can just be detected, the amount of monochromatic light needed is measured. Meanwhile, the fields have to be adjusted to equal brightness by the neutral wedge. From these data, combined with the luminosity curve, a purity discrimination curve can be computed.
To determine the neutral point in a case of dichromatism, the white light can be shut off from the lower field; thus, monochromatic light in the lower field can be compared with white light in the upper field.
(E) For the measurement of the threshold of wavelength discrimination in the spectrum of equal brightness, the Nagel slit system is replaced by one slit 0 2 mm. in width, which can be rotated around the axis of the collimator tube. When the slit is placed perpendicularly, both colorimeter fields are illuminated by light of the same wavelength, but when the slit is slightly rotated the wavelengths differ.
At each setting a difference in brightness must be compensated by a circular neutral wedge before the slit. This wedge can be rotated around the same axis as the rotating slit. The brightness level in the different parts of the spectrum is roughly equalized by neutral filters in front of the projector.
Calibration of the Apparatust-The wavelength scale has been calibrated by placing the "yellow" slit of the apparatus before the slit of a commercial spectrophotometer.
The impurity of the monochromatic light is principally determined by the width of the exit pupil and to a lesser extent by the (variable) width of the slits. At a wavelength of 0,600u, the width of the spectrum at the exit pupil is 0,007,u; at a wavelength of 0,500p, it is 0,004,u. The slits are opened from one side only, which causes a slight shift in the spectral composition of the light. The maximal shift of the dominating wavelength, between light from a very narrow slit and from a widely opened slit, is less than 0,003, at a wavelength of 0,600,u.
The " neutral " filters have been calibrated for each wavelength in a spectrophotometer. The energy of the spectrum used has not been measured. The luminosity data, therefore, cannot be corrected for an equal energy spectrum, but have to be compared to a mean curve of a number of normal trichromats.
It has thus been possible to construct a modified Nagel anomaloscope providing a simple universal apparatus for the clinical investigation of colour vision.
